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Ballistic  Test  of  Cool  Prooellants  EX-6985  and  EX-7006 


PART  A 
SYNOPSIS 


1.  This  is  the  seventeenth  partial  report  on  Task  Assipnment 
NPG -Re 2d - 64-1- 53 » the  "Development  of  e Cool  Propellant  for  the 
3"/50  Caliber  Gun",  and  the  final  report  on  the  "Ballistic  Test  of 
Cool  Propellants,  EX-6985  and  EX-7006," 

2.  From  the  results  of  the  subject  tests,  it  is  concluded  thati 

a.  EX-6985  with  the  XC-D22/250  primer  and  0.4  lb.  of  SPDN-4438 
placed  at  the  bottom  of  the  case  with  the  balance  of  the  charpe 
consisting  of  EX-6985  on  top  of  SPDN-4438  is  considered  to  be  a 
satisfactory  replacement  for  EX-6735* 

b.  EX-7006  with  the  Mk  42  primer  plus  150  grams  of  NPF3-223  in 
a pyralin  container  placed  around  the  forward  end  of  the  primer  is 
a satisfactory  replacement  for  EX-6649. 

c.  EX-6985  and  EX- 7006  are  ballistically  satisfactory  for  the 
continuation  of  the  rapid  fire  erosion  studies  in  the  V'/50  caliber 
gun  except  as  noted  in  sub-paragraph  (h)  of  parapraph  8. 
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Ballistic  Test  of  Cool  Propellants  EX-69P5  and  EX-7006 


PART  B 
INTRODUCTION 


1.  AUTIiORITYs 

The  tests  reported  herein  were  conducted  under  Task  Assignments 
NPG-Re2d-62-l-53  and  KPG-Re2d-64-l-53  as  authorized  by  references 
and  ( b) . 

2.  REFERENCES » 

a.  BUORD  Conf  ltr  Re2d-CNB»anh  NP9  Ser  4230?  of  21  July  1952 

b.  BUORD  Conf  ltr  Re2d-CNB»bac  N?9  Ser  42307  of  21  July  1952 

c.  BUORD  Conf  ltr  Re2d-CNDtdf  N?9  Ser  415*4  of  2 July  1952 

d.  BUORD  Conf  ltr  Re2d-ERDtaph  NP9  Ser  4 34  57  of  12  Aug  1952 

e.  NPG  Reoort  No.  770  (Conf)  of  9 June  1951 

f.  NPG  Report  No.  503  (Conf)  of  14  Mar  1950 

g.  Description  Sheets  of  Manufacture  and  Closed  Bomb  Data 
(Conf) 

3.  BACKGROUND 1 

References  (a)  and  ( b)  established  the  general  task  assignments 
for  the  Development  of  Cool  Prooellants  for  the  3"/70  and  3"/50 
caliber  guns,  respectively. 

Reference  (c)  requested  that  EX-69B5  be  fired  for  ballistic 
assessment  in  the  3"/?0  caliber  gun  and  described  it  as  a cool  Nil 
powder  made  to  replace  EX-6735  (reference  (e))  for  continuation  of 
the  erosion  trials  in  the  3"/50  caliber  gun. 

Reference  (d)  described  EX-7006  as  a cool  picrite  powder  made 
to  replace  EX-0649  (reference  (f))  and  requested  ballistic  tests  of 
the  subject  powder  in  the  3"/50  caliber  gun  to  determine  its  suita- 
bility for  use  in  a special  erosion  program  under  preparation  for 
the  3"/50  caliber  gun. 

4.  OBJECT  OF  TEST t 

The  subject  tests  were  conducted  to  determine  whether  EX-69*5 
and  LX-7006  are  satisfactory  replacements  for  EX-6735  and  EX-6649, 
respectively,  in  the  continuation  of  erosion  trials  in  the  3"/50 
caliber  run. 
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Ballistic  Test  of  Cool  Propellants  EX-6985  anti  EX- 7006 


5.  PERIOD  OF  TEST: 


a. 

Dates  Project  Letters 

2 

July  1"52 

21 

July  1952 

12 

August  1952 

b. 

Date  Material  Received 

23 

Aupust  1952 

c. 

Date  Commenced  Test 

31 

July  1952 

d . 

Tests  Completed 

17 

September  1952 

PART  C 

DETAILS  OF  TESTS 

6.  DESCRIPTION  OF  ITEMS  UNDER  TEST: 


a.  EX-6985  and  EX-7006  are  cool  composition  propellants  whose 
calculated  flame  temperatures  are  1P>16°K  and  1949°K,  respectively, 
and  whose  nominal  compositions,  as  riven  in  reference  (gj,  are  as 
follows: 


Composition 

EX-6985 

EX-7006 

Nitrocellulose  (13.20$N) 

74.695? 

20 . 26f 

Dinitrotoluene 

1.3.51 

- 

Dibutylnhthalate 

10.80 

9.20 

Dio henylam lne 

1.00 

- 

Nitroglycerin 

- 

8.25 

Nitropuanidine 

- 

60.57 

Central ite 

- 

1.72 

b.  Grain  Geometry  and  Closed  Bomb  Data: 


Samole 

Length 
( in.) 

Diam. 

(in.) 

Av.  Vieb 
(in.) 

No.  of 
Perf s. 

R.Q. 

{%) 

EX-6985 

0.4300 

0.1368 

0,0247 

7 

94.8(a) 

n 

11 

n 

11 

n 

t 

133.3(b) 

EX-7006 

0.3H0 

0.1210 

0.0205 

7 

111.0(b) 

n 

11 

ti 

11 

7 

96.0(c) 

(a)  Bused 

on  EX-673 

5 us  100$ 

at  90V. 

(b)  Based 

on  EX-658 

6 as  100$ 

at  90°F. 

(c)  Bused 

on  EX-6649  as  loo;. 

at  90 °F . 

R.F. 

(*) 

98.6(a) 

95.7(b) 

95.8(b) 

98.5(c) 
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ballistic  Test  of  Cool  Propellants  EX-6985  and  3X-7006 


7.  PROCEDURES 

EX-6985  and  EX-7006  were  fired  for  ballistic  assessment  in 
several  3"/50  caliber  ^uns  under  conditions  similar  to  those  reported 
in  references  (e)  and  (f).  iiuzzle  velocities,  maximum  pressures 
(copper  crusher),  and  ejection  times  've re  recorded.  All  rounds  vjere 
assembled  at  PPD  (Production  Packing  Depth).  Pressure-time  records 
were  obtained  for  the  various  conditions  tested. 

8.  RESULTS  AND  DISCUSSION: 

The  results  of  the  subject  tests  are  given  in  detail  in  the 
Appendices  and  are  summarized  below: 

a.  Ballistic  Tests  of  EX-69P5  and  EX-7006: 


Gun:  3V50  Caliber 

Kk  - L:od 

Ho. 

_jSR  Dn 

22  4 

22  5 

21  0 

22  3 

13092  (born) 
203-5  (New) 
5917  (Worn) 
IC923  (New) 

214  5.9  3*052 

183.0  3*002 
3217.4  3*096 
152.7  3*004 

Projectile: 

Kk  33  (13*00  lbs.)  Epsom  Salt  Loaded 

Cartridge  Case: 

Mk  9»  Steel,  Rubber 

Crimped 

Primer: 

Ek  42  and  XC-D22/250  (as  indicated) 

Lead  Foil: 

45  grams  per  charge 
30  grams  oer  charge 

with  E.--6985 
with  EX-7006 

Y/ad  and  Spacer: 

Cardboard,  NGF  Dwg, 
Pc.  Nos.  13  and  4 

No.  132664, 

Powder  Temp.: 

P0#F 
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Ballistic  Test  of  Cool  Propellants  EX-6985  and  EX-7006 


b.  Charge  determinations 


Gun  data  are  the  same  as  in  sub-paragraph  (a)  above. 
Master  Powder:  SPCG-10135  (4.16  lbs.) 


Powder  Sun 


Velocity  Charge  Pressure 

-Cx/fii-  iih&J*  it.ug.au 


EX-6985(a)  13092  (Worn)  2700 

EX-6985(a)  20385  (New)  2700 

Mean  of  new  and  worn  guns  (a)  2700 

EX-7006  20385  (New)  2700 

EX-7006  5917  (Worn)  2700 

EX-7006(b)  5917  (Worn)  2700 

EX-7006 (b)  19923  (New)  2700 

EX-7006(c)  5917  (Worn)  2700 

EX-7006(c)  5917  (Worn)  2700 

EX-7006(d)  19923  (New)  2700 

EX-7006(d)  5917  (Worn)  2700 

Mean  of  new  and  worn  guns  (d)  2700 


4.91 

14.9 

4.84 

14.8 

4.88 

14.9 

4.96 

19.9 

4.91 

20.2 

5.31 

15.0 

5.23 

15.7 

4.60 

17.8 

4.53 

18.8 

4.66 

16.6 

4.80 

16.0 

4.73 

16.3 

* All  charges  obtained  by  the  Matched  Powder  Method 

(a)  0.4  lbs.  of  SPDN-4438  on  bottom  of  case.  Balance  of  charge 
consists  of  EX-6985  on  top  of  SPDN-4438. 

(b)  Mk  42  primer  plus  2 empty  pvralin  containers  end  on  end 
around  primer. 

(c)  Mk  42  primer  plus  150  grams  of  NPFB-223  in  pyralin  container 
around  bottom  of  primer. 

(d)  Mk  42  primer  plus  150  grams  of  NPFB-223  in  pyralin  container 
around  top  of  primer. 

c.  Satisfactory  ballistic  uniformity  was  obtained  when  EX-6985 
was  fired  with  the  XC-D22/250  primer  plus  0.4  lb.  of  SPDN-4438  and 
when  EX-7006  was  fired  with  the  Mk  42  primer  plus  150  grams  of 
NPFB-223  in  a pyralin  container  around  the  forward  end  of  the  primer* 

d.  Although  the  pressuro-timo  records  obtained  were  not  of 
desired  smoothness,  in  view  of  the  excellent  ballistic  performance 
obtained  under  the  above  conditions,  the  subject  powders  are  con- 
sidered satisfactory  for  use  in  the  continuation  of  the  rapid  fire 
erosion  studies  in  the  3"/50  caliber  gun. 
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o.  Appendix  (B)  shows  the  pressure-time  records  obtained  with 
EX-6985  and  EX-7006  with  the  various  ignition  systems  tested. 
Ignoring  the  high  frequency  oscillations  attributable  to  the 
pressure-time  gage,  EX- 7006  with  the  Mk  42  primer  plus  two  (2) 
empty  pyralln  containers  placed  end  on  end  around  the  primer  gave 
the  smoothest  pres sure -time  curves. 

f.  EX-6985  with  the  XC-D22/250  primer  gave  slightly  less  carbon 
deposition  than  EX-6735*  as  reported  in  reference  (e).  While 
EX-6985*  plus  the  scavenger  powder  SPDN-4438  (0.4  lb.)  completely 
eliminated  the  carbon  deposition,  the  amount  of  black  smoke  remained 
the  same  as  with  EX-6985  without 'the  scavenger. 

g.  Comparative  results  of  EX-6735  and  EX-6649  along  with  their 
replacement  powders  EX-6985  and  EX-7006  are  as  follows* 


Powder 


EX-673 5(a) 
EX-698 5(a) 
EX-6649(b) 
EX-7006 (b) 


Velocity 

Charge 

jU/.a) ... 

(lbs.) 

2700 

4. 89 

2700 

4 .88 

2700 

4.68 

2700 

4.73 

Pressure 

XJLtAai*! 


15.0 

14.9 

16.2 

16.3 


(a)  0.4  lbs.  of  SPDN-4438  on  bottom  of  case.  Balance  of  charge 
consists  of  EX-6985  on  top  of  SPDN-4438. 

(b)  Mk  42  primer  plus  150  grams  of  NPFB-223  ih  a pyralin  con- 
tainer around  forward  end  of  the  primer. 

h.  EX-6935*  as  noted  in  sub-paragraph  (g)  above,  shows  a final 
pressure  of  14,9  t.s.i.  (based  on  new  and  worn  gun  firings).  This 
pressure,  while  0,1  t.s.i.  below  the  minimum  allowable  for  the 
3"/50  caliber  gun,  matches  so  closely  the  ballistics  obtained  in 
reference  (e)  that  it  is  considered  a satisfactory  replacement  for 
EX-6735. 
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PARI.fi 

CONCLUSIONS 


9.  From  the  results  of  the  subject  tests,  it  is  concluded  that! 

a.  EX-6985  with  the  XC-D22/250  primer  and  0.4  lb.  of  SPD1I-4438 
placed  at  the  bottom  of  the  case  with  the  balance  of  the  charge 
consisting  of  EX-6985  on  top  of  SPDN-4438  is  considered  to  be  a 
satisfactory  replacement  for  EX-6?35» 

b.  EX-7006  with  the  Kk  42  primer  plus  150  grams  of  NPFB-223  in 
a pyralin  container  placed  around  the  forward  end  of  the  primer  is 
s satisfactory  replacement  for  EX-6649. 

c.  EX-6985  and  EX-7006  are  ball 1st ically  satisfactory  for  the 
continuation  of  the  rapid  fire  erosion  studies  in  the  3V50  caliber 
gun  except  as  noted  in  sub-paragraph  (h)  of  paragraph  8 above. 
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Guns  3:?/50  Caliber 


Number 

Mk 

13092 

22 

20335 

22 

5917 

21 

19923 

22 

Projectile: 

Mk  33  (13.00 

Cartridge  Case: 

Uk  9 (Steel) 

Lead  Foil: 

30  grams  per 

45  grams  per 

mm  m 

4 2145.9  35052 

5 183.0  3.002 

0 3217.4  39096 

3 152.7  3'iooi. 


lbs.)  Epsom  Salt  Loaded 

Rubber  Crimped 

round  with  SPCG- 10135 
round  with  all  others 


Wad  and  Spacer:  Cardboard,  NGF  Dwg*  No.  132664 

Pc.  Nos.  13  and  4 


Primer: 


As  indicated 


Powder  Temp.:  90°F 
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PRESSURE-TIME  CURVES 


Gun:  3V50  Caliber 


Number 

m 

ESR 

Da- 

13092 

22 

4 

2145.9 

35105  2 

5917 

21 

0 

3217.4 

351096 

Primers 


XC-D22/250  on  8-5-52 
Mk  42  on  9-17-52 


Projectile:  Mk  33  (13.00  lbs.)  Epsom  Salt  Loaded 

Cartridge  Case:  Mk  9,  Steel,  Rubber  Crimped 

Lead  Foil:  45  grams  per  round 

Wad  and  Spacer:  Cardboard,  NGF  Dwg.  No.  132664 

Pc.  Nos.  13  and  4 


Powder  Temp.: 


90  °F 
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